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高。温度分别为 500 oC 和 475 oC 时，松木和稻秆最大生物油产率分别可达 61.5%
和 43.2%。 
在快速热解的基础上，还采用 CaO、MgSO4 和 ZnCl2 对松木进行了催化热解
研究。结果发现：CaO 的加入使得生物油 pH 升高，含水量增加，酚类减少，酮
类增加。添加MgSO4和ZnCl2能使松木热解区间向低温方向移动。MgSO4和ZnCl2
都使生物油中吡喃葡萄糖含量由空白的不到 1%增加至近 20%。当 MgSO4 和
ZnCl2 添加量为 30%时，生物油中酚类含量分别由空白时的 27.1%降至 16.2%和
6.25%。酮类含量则分别由空白时的 26.71%降至 7.91%和 16.50% 
















In 21st century，energy security and environmental issues have become a big 
problem in the world。It is necessary for us to develop clean and renewable energy. As 
one of the renewables, biomass has received extensive attention due do it’s wide 
distribution, aboundance and the advantages that could be converted to liquid fuel. 
Development of biomass energy makes good sense to energy security and for the 
transformation of our country’s energy structure. Biomass fast pyrolysis could convert 
biomass with low energy density to a liquid called bio-oils with high energy density. 
And it has become one of the major directions in biomass  R&D. 
Pine and rice straw were pyrolyzed in a  bubbling fluidized-bed reactor with a 
capacity of 1 kg/h designed by ourselves. The effects of temperature, biomass particle 
size and vapor residence time on the distribution of pyrolysis products and bio-oils 
property and composition were investigated. The study showed that both pine and rice 
straw have a optimal temperature for the maximum yield of bio-oils. That is, below it, 
the yield increases with the increasing of temperature; above it,  the yield decreases. 
High temperature,small particle size and short residence time favors the high yield of 
bio-oils, and the vice versa. High temperature and long residence time will contribute 
to more yield of gas. When the temperature increases, the pH, heating value and the 
content of phenolics increase while the content of water decreases. When the 
residence time and the size of particle reduced, the heating value and macromolecular 
will increase, however, the content of water and small molecular compounds decrease. 
It is also founded that higher content of lignin will  result in a higher yield of bio-oils 
and lower yield of char. The maximum yields of pine and rice straw are reached at the 
temperature of 500 
o
C and 475 
o
C respectively, with the yield of 61.5wt% and 
43.2wt%, 
  The effects of CaO, MgSO4 and ZnCl2 on the pyrolysis of pine  were also 
studied. The results indicated that the addition of CaO could improve pH, decrease 















pyrolysis of pine will shift to a low temperature region. The addition of either MgSO4 
or ZnCl2  could generate more glucopyranose in the bio-oils,  increased from 1wt% 
to nearly 20wt%. When the amount of MgSO4 or ZnCl2 added into biomass is 30wt%, 
the content of phenolics fell to 16.2wt% and 6.25wt% respectively compared to 
27.09wt% for biomass only, while ketones content fell to 7.91wt% and 16.50wt% 
compared to 26.71wt% for biomass only. 
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油公司(BP)全球首席经济学家克里斯多夫鲁尔博士在北京发布 2012 年《BP 世界
能源统计年鉴》，用数据概述了 2011 年的能源大背景：2011 年石油价格大幅增
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环境污染。相关数据显示从 1980 年到 2005 年我国 SO2 排放量翻了近一倍，达
2549 万吨，居世界第一位[2,3]。有关专家指出每排放一吨 SO2 造成的经济损失约




2347.6 万吨、2086.4 万吨，比 2010 年的 2551.7 万吨、2267.8 万吨各减少
8%。我国 CO2 排放量也十分巨大，预计 2025 年前后很可能超过美国成为世
界第一大 CO2 排放国
[4]。另外，我国石油缺口也日益加大，预计 2020 年我



















































图 1.1 生物质主要利用技术 






































































































化床反应器进行榆木热解时发现，当温度为 500 oC，停留时间为 0.8 s，物料粒





表 1.1 不同热解条件所得产品产率 
Table 1.1 The yield of pyrolysis products at different conditions 
热解方式 热 解 条 件 液 体 固 体 气 体 
快 速 ~500 oC，短的蒸汽停留时间 ~1s 75% 12 % 炭 13% 
中 速 ~500 oC，蒸汽停留时间 10~30s 50% 25 % 炭 25% 
炭 化 ~400 oC，长的蒸汽停留时间 ~天 30% 35 % 炭 35% 
气 化 750~900 oC 5% 10 % 炭 85% 

























热解机理如下.                      
i. 纤维素热解机理[17] 
                                                            
                                          左旋葡聚糖+同分异构体 
                                          双脱水糖 
                                          糖类衍生物 
纤维素             活性纤维素          二次裂解 
                                         乙醇醛,1-羟基-2-丙酮,乙醛等醛,酮,酸 
                                         5-羟甲基糠醛、糠醛 
                                         其它杂环类化合物 
                                         酯类和缩醛化合物 












图 1.2 廖艳芬改进的纤维素热解模型 
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